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ABSTRACT KEYWORDS
This study focuses on the assessment of Morocco’s ability to exploit natural Rurdl;
resources (sun, wind...etc.) for decentralized energy production. This Renewable energy;
decentralization will freerura areasfromits power isolation. Theaim of this Photovoltaic;
study is aso to demonstrate the role of therural areasin leveraging the use Environment;
and development of renewable energy also known as clean and alternative Decentralized energy;
energy. The results and implications are based on the analysis and the Sustainable devel opment.

treatment of datafrom asurvey conducted intherural town of Sidi Taibi. In
general, the high cost of equipment with limited funding resourcesfor rural
areas, the lack of information and lack of a structured market are the main
limitations for renewable energies’ development. Thus, this research leads
to twofold sets of results that also aim to optimize the use of renewable

energies. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

In 2011, the net energy bill of Morocco increased
to 79.9 billion MAD, asmall part of it isrenewable
energy. Energy consumption hasincreased too from
10.46 Mtepin 2002 to 17.26 Mtep in 2011 whichis
anincrease of 5.7% per yearly,

At present, coal and oil remain the main energy
sourcesin Morocco. The shareof petroleum products
inthe energy balanceisvery crucia and amountsto
61.9%.

Thisenergy, ahighly generating sourceof CO2, is
responsiblefor 27% of the country’s greenhouse gas
emissionswhich areof nearly 11 milliontonsof CO2

per year. (Source: French Globa Environment Fund)®@.
Accordingto 2011 statisticsfrom the Ministry of En-
ergy and Mines, Moroccan emissions of CO2 were of
49.9milliontons.

Giventheingability (intermsof priceand availabil-
ity) of foss| fudl's, and theimportance of energy inthe
modern economy, thediversification of energy sources
and thelessening of the national dependencevis-a-vis
theoil and gasresourcesisamajor target for Morocco.

In nowadays, nearly 2 billion peopl e (about one of
threeindividuals), livingmainly inrural aress, haveno
accessto powerl?,

In Morocco, therural populationisstill of abig
size A dgnificant proportion of householdsarelivingin
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remotevillagesor in scattered settlementswhich makes
rural electrification viathe connection to the national
electricd gridacomplex task.

Reliableand |essexpengvetechnicd solutions, for
decentralized power generation, utilizenatura resources
(sun, wind, water, and biomass). A study in Senegal
showed that decentralized photovoltaic technologies
have competitive prices compared to the extension of
theelectrical gridtoremoterural areas”

Indeed, Morocco could exploit itsnaturd resources
to produce clean energy, givenitsproximity to Europe
and thesignificant solar radiation (equivadent to theav-
eragein southern Europe)®asit benefitsfrom morethan
3,000 hours per year of sunshinethat constitutes about
a5 kWh/m2 per year of irradiation (Figure 1). In 2011
the solar potential only reached 5 kWh/m2/ d. ™ To
thisend, wewill present first theresultsof the survey
after presenting thefollowed methodol ogy that isbased
on aquantitativemethod. Theamistodoananalysis,
followed by atreatment of the collected data. Based
onthisandyss, wewill identify thepotentid for renew-
ableenergy inrural aress.

THESTUDY SITEAND THE OBJECTIVES

AccordingtotheNationa Officeof Electricity and
Potablewater ONEE™ in 2011, therurd dectrification

Figurel: Morocco’s Map of Irradiation®

rate reached 97.4%, compared to 72% in late 200413
. Thenumber of villagesdlectrified accordingto PERG
programis37733villages?. Somevillagesaretill not
connected tothe nationa grid because of thecomplex-
ity of theconnection, thedispersion of homesand their
distancefromthemain electrical grid among other rea-
sonsthat stand all asobstacles.

Thevillageinour study isone of the caseswhere
electrificationscannot easily becarried out. Sidi Taibi is
located northwest of Rabat city (24.8 Km away). The
villageisapoint in case asit endeavors producing its
own power through the use of renewableenergy inthe
absenceof eectrica grid.

According to acensus carried out by the regional
officeof theHigh Commissonfor Planningin 2004, the
population of Sidi Taibi amounted to 25,005 inhabit-
antsand 4612 households. Only 13.2% of the popul a
tion hasdectricity. The poverty ratein thevillageisof
20% of the population.

Thepopulation of Sidi Taibi is a young population;
most of their age ranges between 20 and 50 years.
56.05% of the surveyed popul ationismen and 43.95%
iIswomen.

Themgjority of theinhabitants (95.06%) own their
homes. According to the High Commissionfor Plan-
ning, 82% of the population livesin modern Moroccan
houses.

Thetown of Sidi Taibi is divided into three areas:

AREA |: Bendfitsof theeectrica grid.

AREA Il Usesrenewableenergy in parale with
theelectrical grid asONEE’s power usually fails.

AREA I11: Usesrenewableenergy especially solar
energy.

Our objectiveisto:

1- Present theresults of the survey to identify the
limitsand the benefits of renewableenergy.

2- Establishaninventory of behaviors, attitudesand
practicesinarura environment inregardsto renew-
ableenergy. 3- Identify the potentid of rural communi-
tiesin regards to renewabl e energy use and how we
canexploit and develop thispotential.

Similar sudieswereconductedin severd countries;
InTunisaasurvey wasconducted by theNationd Agency
for Energy Efficiency (ANME),®lin closecollaboration
withthe German Technica CooperationAgency (GlZ),
ontheknowledge, perceptionsand atitudesof Tunisans

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 9(11) 2014

A.Echchelh et al

399

towardsenergy efficiency. In France, four studieswere
conducted by theEnvironment and Energy Management
Agency “ADEME” [ and another study isconducted
by theregiona observatory of energy and greenhouse
gases emissionsabout energy consumption and house-
hold behavior of Poitou-Charentesin October 2008,

METHODOLOGY

The survey was conducted by ateam of master
students at the Faculty of Ibn Tofail in Kenitra, witha
random sampleof 405 homes (primary residences) from
8 digtrictsrepresenting theentiretown Sidi Taibi. On
average 50 householdsin each of thedigtrictswerein-
terviewed. Door to door interviews were conducted
with the inhabitants according to a pre-survey for a
period of 15 days. Oncethe questionnaires completed
by theinvestigators, the team conducted data process-
ing with statistical software. Ananaysisof theresults
then was performed.

RESULTS

Thesocio economic situation of inhabitants

The average monthly income of the mgority of
households surveyed does not exceed 3000 MAD

TABLE 1: Monthly household income

Monthly income  number of households Freg.
Less 1000 MAD 80 20,41%
1000 - 2000 166 42,35%
2100 — 2400 81 20,66%
2500 — 3000 57 14,54%
Over 3000 MAD 8 2,04%
Unemployed T — 15,75%
110,00%
Laborer | 23,25%
“# 18,25%
Student |®8 175%
| e— |4, 75%
Retired :— 6,00%
9,25%
Employee :_* 11,00% /

0,00% 5,00%10,00%15,00%20,00%25,00%
Figure?2: Socio-economic statusof theinhabitants
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(equivaent of € 300). Only 2% of households have an
incomegreater than 3000 MAD.

Theaverage number of persons per householdis7
people, which rai sesthe average of household size by
17% compared to 2004.

Residentsinterviewed work aslaborersin neigh-
boring cities(Salé, Kenitra...). Some work in crafts and
agriculture. Othershavedevel oped their own business
(cafe, grocery, nursery....). (Figure2)

43.16% of therespondents recel ved no education,
29.56% did not study beyond elementary level and
16.20% dropped out of school at the secondary level.

Withtheevolution of society and thenew lifestyles,
new needsemerged, namely intermsof comfort. This
hasimpacted, often increased, the energy consump-
tion. (Sourceregiond observatory of energy and green-
housegasesemissions).

Sour ce of ener gy and ener gy behaviour

Renewable energy isthemain energy type of more
than 60% of householdsinthevillagecompared to 11%
in 2004 (anincrease of about 49%). The main renew-
ableenergy used is photovoltaic solar energy 99.59%.
FHoure3

m ONEE’s Grid

10,40% 2.50%

s

Figure3: Distribution of Ener gy sources

Theelectrical grid of ONEE comes second with
37%, butanegas and candlesrepresent only 2.50%. In
2004 butane gas and candl es represented 90% of en-
ergy used which isadecrease of approximately 88%.
10.40% of househol ds choseto mix between ONEE’s
electrical grid and renewabl e energy.

Almost dl of therespondents spontaneously asso-
ciated renewabl e energieswith solar and wind power.

A pretty good rangeof energy-savinglampsisused.
Almost 79% of householdsuse LBCintheir houses.
FigureAccording to an article publishedintheMoroc-

M Renewable Energy

ONEE’s Grid and
Renewable Energy

W Other: Butane Gas
and Candle
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can newspaper “L’économiste”, energy-saving lamps
enablethe savingsof around 80% of energy whileob-
taningthesamelevd of lightingandthey havealifespan
of upto 15 timesof theincandescent lampslifespanin
addition to their improved safety thanksto their low
heat that makesthem environment friendly’. All those
who uselow-energy bulbsare not aware of INARA*
program proposed by ONEE. 99.70% of the respon-
dentshavenever heard of it. Figure5

70,00% -
60,00% -
50,00% ?
40,00% */6
30,00% {8
20,00% 18
10,00% 00 - 1
0,00% -+ T Y "
Entire  Partof the Notat all

house house
Figure4: Digtribution of ener gy-saving lampsat home

r

100,00%
80,00%
60,00%
40,00%
20,00%
0,00% r M d
Self-initiated, ONEE’sproposal
{INARA Program})

Figure 5 : Percentage of households benefiting from the
INARA program

Thepower essentidly dlowshomelightingand con-
necting rural householdsto urban aress, throughtelevi-
sion, radio and cell phone. 77% of households have
TV incolors, black and white TV 22%, gasrefrigera-
tor 0.54%, 0.27% power refrigerator and nobody re-
ported to be equi pped with adishwasher or avacuum
cleaner.

Devicesusedfor leisureand comfort arelesscom-
mon. All householdsdo not own awashing machineor
amicrowave. Buying apower transformer isnecessary
to use other equipment like washing machineand flat
screen TV which engendersadditiona costs.

Hindrances, leversand limitations of renewable

energy
Hindrances

Themaintriggersfor the useof solar photovoltaic
energy istheunavailability of thedectrical gridinthe
village aswell asenergy saving. No one seemsto con-
Sider theenvironmentd dimenson of renewableenergy.
Somepeoplearenct willingtoinvest in renewableen-
ergy and do not wishin any way to changethe ONEE
electrica gridfor another source of energy; thereason
isthat for the mgjority of householdsthat do not use
renewable energy, (20.50% of households), the cost of
installation isamg or obstacle. Thetotd cost of equip-
ment variesbetween 1000 and 6000 MAD (in average
3448.65 MAD). This priceincludesthe price of the
plate, theinverter and the battery. The cost dependson
thestrength of the photovoltaic panel (installed capaci-
ties range from 100 watts to 600 watts) and it also
dependsonthequality and brand of the battery. Some
householdsinvested in old equipment that islessex-
pensve.

Thelack of informationisanother obstacle. 3.73%
of therespondentsdid not haveenough information on
neither clean energy nor itsadvantages. Failluresare
also considered another major stumbling block of re-
newableenergies. Themain failuresare often dueto
problemswith theregulator or battery. Frequent fail-
uresdepend onthe quality of thebattery. Some batter-
ieshavealonger lifespan than others(Figure5). They
also depend on the know-how and the handling of
equipment (i.e. if thereistoo much sun, thebuttery charg-
ing should be paused).

TheLimitationsof renewableener gy

Peopleinterviewed (58.85%) are dissatisfied with
solar energy because of itslimitations. Themost cited
duringinterviewslimitationsindude:

v Thelightislow enoughtowdl illuminate;

v Thepandsdo not work well inwinter;

v The batteries run out quickly when there is not
enough sun;

v Thepriceof batteriesishighand their lifespanis
too short;

v" Thesmadl pands, whichthemgority of peoplepos-
sess, do not power feed al the home appliances.

v Severd gppliancescannot beused at thesametime,

v Some gppliancesdo not functioninthe absence of
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the photovoltai c transformer.
Theleversof renewable energy

The proportion of househol ds satisfied with solar
energy represents 41.15%. These households ex-
pressed their willingness of keeping their renewable
energy equipment even after they are connected to
ONEE’s electrical grid. For this category, Solar energy
has many advantages: itismoreeconomical, replaces
thelack of eectricity inthevillage, it islessrisky than
the candles they were using before and there are no
billsto pay at the end of each month.

Reasonsthat would likely encourage peopletoin-
vestinrenewableenergy are shownin table bel ow:

TABLE 2: Incentivesfor theuseof ENR

Distribution
in%
9%
58%

I ncentives

None

L ower equipment prices

Increase in the price of the currently
used of the energy

Sensitizing about the reliability and
performance of renewable energy

A state subsidy (Financial Assistance)

3%

11%

19%

If one day thevillageis connected to the ONEE
electrica grid, themgority of the popul ation (62.55%)
will keep therenewable source sincethey haveaready
invested inthe equipment. However, 37.45% of house-
holds said they do not wish to keep the equipment used
in generating energy from the sun asthey rather to be
connected to ONEE’s electrical grid which provides
power with more comfort.

Theequipment maintenance

Periodic maintenance of the equipment isensured
by 77.39% of the respondents. 93.37% of the house-
holdswho periodically maintain their equipment do it
by themselves, 4.59% hire atechnician and 1.02%

= Monthly
7,79%
B Quarterly
I 47,54%
- 88,93% Biannual
‘ 41,39%
® Annual
1,64% s
W Every two

1,64%
years

Figure6: Frequency of failures

seeksthe help of neighbors. Othersusefamily mem-
bersor friends. This maintenance consistsof cleaning
the plates, checking up thewater level of the battery
and monitoringtheinverter and thecontroller. Mainte-
nanceintervasvary from 15 daysto 1 year. (Figure7)

25,00%

20,00% =+
15,00% +
10,00% 1~
500% + E Fréq.
0,00% -+~
N N N 2
R

Figure7: Equipment maintenancefrequency

SUMMARY OFTHE RESULTS

Renewableenergy, especidly solar energy, iswide-
spreadintherura villageof Sidi Taibi only due to the
absence of any other source of energy. Citizensaretill
not aware of theimportance of energy saving or the
impact of foss | fue son theenvironment.

Morethan 30% of householdsdo not want to keep
the photovoltaic panel smainly because of thehigh fre-
guent maintenanceand repair costs, especially batter-
iesthat have a short lifespan that does not exceed 2
yearsand their high pricethat rangesfrom 1000 MAD
3000 MAD.

Renewabl e energieshave somelimitsof technica
order: thefunctioning of solar panel sdependson solar
radiation which makesitinthewinter timevery limited.
Inthe summer, panelswork better but solar radiation
must bemonitored so asto avoid overcharging the bat-
tery that could be damaged otherwisea ongwithlamps
and any other electrical equipment connectedtoit.

Solar energy isperfect for lighting, but people are
deprived of sometechnol ogies and equipment that are
necessary for abetter quality of life. These machines
cannot function without atransformer that hel psadapt-
ing thephotovoltaic energy.

To usemultiple home appliances, the power of the
pandsmust bes gnificant. Otherwisethepand will serve
only oneappliance.

———y  Snoivonmental Science
Au Tudian Yournal



402

Orielcal Review

The role of rural areas as leverage for renewable energy development in Morocco

ESAIJ, 9(11) 2014

“In arecent study in Kenya, Jacobson(2007) shows
that theonly “use” of economic power is linked to the
pursuit of certain night activities such asaccounting for
small businessor essons’ preparation by teachers. This
ispartly dueto thelow capacity of solar kitsused | o-
cdly andthat doesnot dlow theuseof machines(husking
millsetc.) Or even kitchen appliancesor refrigeration.
Similar observations are neverthelesscommonin vil-
lageswith direct accessto centralized el ectrical grid.[®

The socio -economic situation and the lack of fi-
nancia support doesnot alow peopleto appropriatea
system with ahigh capecity.

Asthereareno meansof storing energy efficiently
and with low costs, thefact that solar power can pro-
duce energy only the dayswhen theweather isgood
and awind turbineworksonly when thereis enough
wind, al sgnificantly limit the potentid of thesetwo en-
ergy sources.

In order to meet the needs, alarge part of the en-
ergy must beproducedintape, that isto say, inastable
and continuousway, which urges usto use more con-
trollable energy sources... often fossil fuelsor nuclear.

Obstaclesto thedevel opment of renewableenergy
do not prevent renewable energy to develop. Some
peopl e havekept the same equipment used to generate
renewabl e energiesthough they got connected to the
local dectricd gridand still usesolar lighting. Theen-
ergy mix will saveenergy and reducee ectricity bills.

Someaid programsareinitiated by the M oroccan
State or organizations less known by the public, to
mention anexamplethe INARA program that was set
up to help peopl e benefit from low energy lampsfor
free.

Among the constraintsto the devel opment of re-
newable energy and energy efficiency isthelack of in-
formation and citizens’ awareness; the absence of sen-
Sitization among citizens about theimportance of en-
ergy saving, energy efficiency and climatechangehasa
negativeimpact on their energy usebehavior. Thema
jority if not thewhole population think they are not af-
fected by climatechange and arenot willing to change
their behavior to dleviatethe damages. Inaddition, they
arenot ready to invest in photovoltaic or wind equip-
ment becausethey feel they are unreliable and do not
alow themto live properly; being connected however
tothegridismore comfortablefor themand their chil-

dren. The main eventsthat may promotethe devel op-
ment of renewabl e energy are of economic order, par-
ticularly thelow pricesof the equipment to beinstalled.
Anissueof technical reliability and need for the sup-
port, reinsurance and citizen awarenessisvery impor-
tant. Citizensarewillingtoinvest inrenewableenergy if
theequipment’s prices are lower because they are rela-
tively highin the current socio-economic situation of
citizens. Thestate can help peoplethrugh subsidiesand
associationsmay dso intervenefor the devel opment of
clean energy.

CONCLUSION

Themain point to bedrawn from this paper isthat
with arationa value, therenewabl e energy resources
can be animportant weapon for thefight against pov-
erty, especidlyinrura areas, thuscontributingtoim-
proving thequdlity of lifeand sustainabledevel opment.
Rura areasmay a so contribute to the devel opment of
renewable energy (Figure8)

Development

Rural areas Renewable Energy

\ Improved quality of life
Figure8: Interaction flow between rural environments&
renewableenergy

Throughtheresultsof the survey, it can be demon-
strated that energy isolation, wheretherura world was
long heldin, islargely respons blefor the underdevel -
opment of thecountry: low school enrollment rate, lack
of healthfacilitiesand potable water. Today therura
areas can bealever for the country through the devel -
opment of renewableenergies. Rural communitiescan
becomekey playersinnew fields of activity that will
take considerableimportancein the coming years, the
best resources of renewable energy arefoundin rural
areasfor themgjority of energy systems. (Figure 9)

Decentralized rural ectrification can help expand
accessto energy servicesfor rural populationswho are
currently, and may bemuch | ater, totaly private.

States can devel op renewabl e energy starting from
therural areas before wide spreadingin urban areas.
Generdly, inrurd environments; it isdifficult to connect
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Reduced energy costs
Improvement quality of Access to energy
life Reduced poverty rate

Reduce illiteracy rate

Local
community

A\ J

Rural areas Renewable Energy

I_f A

University
R&D

Investment in equipment
Development too

Application of Renewable energy
Figure9: Interaction between rural and renewable ener gy

tolocal areanetworks. Sidi Taibi is an illustration of
such caseasit wasfor along time deprived of energy
and wasableto devel op itsown energy through photo-
voltaic kits. Thisexperience could beeven moresuc-
cessful if there had been an engagement of local com-
munities and associationsto hel p get more efficient
equi pment. experienceof thisvillage should beextended
by the Moroccan State in other villageswith thein-
volvement of all economic actors.

Indeed, M orocco benefitsfrom significant sunra
diation throughout the year which alowsfor operating
photovoltaic panelsoptimally. In addition, this decen-
tralized sysemwithout any grid connection meetspower
needsof rural households (up to 10 timeslower than
urban areas). Findly, thecost of thesystem (taking into
account publicinvestment aid) and itsoperationisac-
cessiblefor arural household that spends 15-20% of
their income on energy purchases. (Design: E. Rich/
Odyssey June 2005)(®

Itisacknowledged that the Moroccan State made
considerableeffortsfor the development of renewable
energy through large solar and wind projectsandthrough
programs such asthe program of the market devel op-
ment for solar water heaters PROMASOL, the Na-
tional Program for the Rational Use of Firewood and
the Globd Rurd Electrification Program (PERG), which
allowed the spread of decentralized rural electrifica-
tion. Nevertheless, theeffortsremainsinadequateand

organizationsin this sector are defectivewhich does
not help reducing energy billsand makethe country a
producer and explorer of energy astherearestill com-
munities deprived from power in 2013.

Moreover, theenergy policy isnolonger effective
and tenablewithout sensitizingandinvolving citizensin
the use of ecol ogica and competitive energy.

Rationdized consumption encouragesthe explora
tion and the devel opment of local resources. Whilea
stronger government action could steer amore sustain-
able energy path.

The development of renewable energiescallsfor
theinvolvement and commitment of all stakeholders,
academics, citizens, associations, consumersand local
communities. Both the State and the citizen should be
includedinaglobd strategy that integratesthreepillars.
socid, economicand naturd.

The development and theinvolvement in renew-
ableenergieswill increase notably by the adoption of
favorable policiesto the massive use of renewableen-
ergy. For ingance: facilitating accessto equipment, sup-
port for the private sector, etc.

Thecreation of atraining cycleinuniversitiesand
engineering schools can help the development of re-
search related to the expl oration of new technol ogies,
support for and promotion of training and researchin
thefield of energy. Also, encouraging Moroccan com-
paniesto engagein scientific and technologicd partner-
shipsisnecessary for the devel opment of renewable
energies. Integrating renewabl e energiesinto the cur-
riculaof sciencedasseswill providemoreinsghtsabout
thebehavior of energy consumption and better ways of
sengitizing M oroccan citizensabout theimportance of
renewabl e energy andinforming them onthe operation
of equipment through Energy Information Spaces (EIS).
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